Functional ceramics are primarily optimized with respect to their functional behaviour. However, from time to time in various applications mechanical problems arise. Whether these problems are due to intrinsic material deficiencies or to processing faults is usually not known. As a first step the intrinsic behaviour of the relevant materials, e.g. the fracture toughness, Kic, is tested. Measurement of the fracture toughness of ceramics is usually done using the three-point bend (3PB) test or double cantilever beam (DCB) test. For electronic ceramics often only limited thicknesses are available and the aforementioned tests cannot be used. For materials delivered in the form of sheets a solution may be found by using the compact tension (CT) specimen. In this letter the use of this type of test is examined for ceramic materials. For a number of well-known ceramics the fracture toughness was measured using a newly designed test jig.
The original CT specimen is shown in Fig. 1 . B is the specimen width, W is the loaded length, 2 H is the total height, F is the loaded height and a is the crack length. The load is denoted by P. The specimen as modified for our purpose is shown in Fig. 2 , while a schematic test jig is shown in Fig. 3 .
An early expression for the stress intensity, K, valid for a limited set of dimensions, often quoted in standard texts on fracture mechanics (e.g. [1] ), was given in the well-known ASTM STP's 381 and 410 [2, The total length of the specimen is fixed at 1.25W. Also the relations 0.25W < B < 0.5W and 2 H = 1.2W should hold, while the expression is only valid for 0.45W < a < 0.55W. A complete set of data for the CT specimen in numerical form was given by Srawley and Gross [4] . Their information deals with loading in and out of the crack plane ( F / W ratio) and the influence of the height over length ratio of the specimen ( H / W ratio). The full set of data is given in Table I . In our analysis we shall neglect the influence of the loading out of the crack plane (F/W) since it is small for a/W >~ 0.3. For convenience in calculations, the data as given in Table I The polynomial expression to the dimensionless factor Q =
KB(W -a)3/z/P(2W + a) is given by Q = }2Ci(a/W)i
The deviations are always less than 0.6% for the complete range of a/W and less than 0.3% for the range 0. Tables II and II1 will be used in this work throughout in view of its easier use. A test jig was constructed in order to be able to measure small compact tension specimens (Fig. 3) . The design of this jig was similar to a previously described DCB jig [6, 7] . It can be used in any universal testing machine because the jig is loaded in compression. The specimen size used was 8 mm x 9 mm x 1 mm. To check the validity of the test, specimens of materials with known fracture toughness were prepared. Materials used were silica glass (Ultrasil), alumina Wesgo A1995 and hotpressed BaTiO3. Specific details on these materials are given in Table IV .
Various values of starter crack length were used: 3.0mm The polynomial expression of the coefficients C/ is given by [6, 7] . bData measured using the 3PB test. °From [9] . The sample standard deviation is given in parentheses.
Ci = Xc~j( H/W)J T A B L E IV Material details
done using a specimen size of l m m x 3 mm x 15 mm, a span size of 12 mm, a notch width of 100/~m and a relative notch depth of 0.15. Again a Vickers indentation with a load of 10 N was made for ease of crack starting. The cross-head speed of the universal testing machine (Overload Dynamics $200) was 0.1 mm min -1 in all cases. All testing was done in dry nitrogen atmosphere (-200 ppmV H20) in order to avoid slow crack growth as much as possible.
The resulting values of the fracture toughness for side-grooved, non-annealed test materials are given in Table V . The data show a consistent behaviour as far as independence of starter crack length is concerned. Also, the effect of the depth of the side groove is small. However, the values obtained are too high as compared with the data given in Table  IV . It was thought that this behaviour could possibly be due to residual stress introduced by the machining operations. Attempts were made to remove this residual stress by etching according to the procedure described previously [10] . For comparison this was also done for 3PB specimens. A non-systematic behaviour with etching depth was observed for the CT specimens. The values for the fracture toughness were heavily dependent on the amount of material etched away and are not further discussed.
It was decided to try to remove the residual stress by annealing. The alumina was chosen for this (Table VI) . A value of about 3.7 MPam 1/2, independent of whether grooving or indentation was present, was obtained. This value is lower than the value of 4.1 MPa m 1/2 reported before, possibly due to insufficient precracking of 5 N for the large 3PB specimens used at that time. In the thinner CT specimens and small 3PB specimens used here machining itself apparently provides sufficient precracking. The effect of the annealing appeared to be limited for this alumina.
Annealing for the other materials was done using indented, non-grooved specimens. The fracture toughness data for these materials are also given in Table VI . It can be concluded that a fracture toughness value is obtained, which is independent of the starter crack length and well comparable to the independently determined value by 3PB testing. The importance of removal of residual stress is thus clearly demonstrated, in particular for the CT specimens.
From the present results it can be concluded that All data are given as the average value, with the sample standard deviation and the number of specimens in parentheses. All data are given as the average value, with the sample standard deviation and the number of specimens in parentheses, I, indented; NI, not indented; A, annealed; NA, not annealed.
the CT specimen with a small size as discussed in this letter is a useful specimen type for the measurement of the fracture toughness of ceramics. The tabular data available for the compliance factor are accurately fitted by a polynomial expression. The elimination of residual stress is demonstrated to be quite important for accurate measurement of the fracture toughness.
